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TITLE OF THE INVENTION 

A chemical sensor and method of using optically anisotropic 

material 

FIELD OF THE INVgNTIQN 

[0001] The present invention relates to chemical sensors. Mora 

specifically, the present Invention is concerned with a chemical sensor and method 
of using changes occurring in the optical anisotropy of the sensor. 

pACKGROUNp OF THE INVgNTIQI* 

0)002] Chemical detection is often mandatory for industrial or safety 

applications and simple reliable sensors could be implemented for process control 
or for security monitoring. 

10003} A number of different chemical sensors for detection of 

chemicals are Known in the art, usually based on changes in characteristics such 
as physical, chemical, electrochemical or optical properties. Electronic methods 
are sometimes used, using the ability of composite polymers to have electrical 
impedance varying upon exposure to a vapor for example. 

JPO04] The U.S. patent 5.512.882 (Stetter, 1996) describes a sensor 

comprising a polymer having a physical structure that is altered by a vapor to be 
detected, in such a way that detection is performed through expansion or 
disintegration, and electrically conductive elements that are interspersed with, or 
separated by, the polymer. Commercial products of such a sensor are made hy th* 
manufacturers Cyrano Sciences Inc. which has developed -electronic noses" 
consisting of different conducting polymers. Each polymer is sensitive to a different 
compound. The polymer absorbs vapor and swells when placed in contact with a 
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specific chemical vapor causing electrical resistance of the polymer to vary with the 
concentration of me compound. However. this ^ of sensors fleneral|y fres 
«smg specific powers depending on the chemical species to he detected, which 
makes them complicated to produce ano to use. 

V>m Optically based chemical sensors are also known. amon 8 which 

are found fiber optic chemical sensors (FOCS). A number of them uses the 
changes in guiding properties of an optica, fiber, including transmission parameters 

J ° S me8SUnn9 Cha098S 10 «- inte ™< *«**on 
charactenst.es produced by changes in the index of refraction of a cad or .ay er of 

a material that reacts with Ihe chemical or biological species. By a specific 
selection of the reactive layer or clad, such a chemical sensor can be adaptable to 
the analysis of several target molecules or classes of compounds. A similar 
approach is presented in U.S. patent 5.820.798 (hopenfield. 1998). which makes 
use of a Plas t ic fiber optic sensor having a dad selected to selectively decompose 
«n the presence of an analyte to be detected (i. « a malarial for analysis). The fiber 
has a clad with an index of refraction slightly above the one of the core and it has a 
loop shape to promote high order propagation modes so that the transmitted light 
•ntensity increases in presence of the substance to detect. Therefore, these op tica , 
methods require specific cladding materials depending of the chemical species to 
be detected, which make them not very practical in industrial applications where 
different chemical species can be present 

W*H Basically, in chemical sensor,, the contact with a specific 

chemrcel or with a Case of chemicals changes the response of the sensors In 
order to increase the contact surface with chemicals, porous materials are often 
used. For such materials, adsorption and capillary condensation of vapors and 
gases mside their pores are well known phenomena (Steel, W. A. 77>e Interaction 
of gas** w/ff, solid surfaces (Pergamon, Oxford, 1974) A; Adamson, A.W. Pnysical 
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chemistry of surfaces (Wiley. New York. 1982)]. 

0007] The u.S. patent 5,250,095 (Stgef. 1993) describes a method for 

makmg and using a porous glass opticalfiber sensor, It is based on the change of 
the opt,cal transmission of light intensity due to absorption or scattering through a 
porous optical fiber when exposed to a vapor or a gas that fills the porous 
structure. A similar method described in the U.S patent 6.375.725 (Bernard 2002) 
make uses of an opucal fiber with at .east one porous portion, which in presence of 
a gas/vapor scrbent has lower guiding and transmission properties that can trigger 
an alarm by means of an electronic detection circuit. However, in both cases the 
mm of P 0 ™ 8 *» not mate these methods attractive for 

industnal applications where robust sensors are required. Moreover, these types of 
light .mensity-based sensors may suffer from lack of sensitivity in low concentration 
applications and may require frequent recalibration. 

£00083 Other optical chemical sensors use a spectroscopic approach 

and rely on light absorption at specific wavelengths to detect chemical species For 
instance, the U.S. patent 5.306.771 (Zhou. 1994) use* one or more supports such 
as beads, which carry a thin film of polymer substrate, which has a porous matrix 
and an immobilized sensing reagent. The sensing reagent, such as bromophenol 
red or vanilbn. has different absorption spectra in the presence and in tne absence 
of an anatyte. An analysis of those differences makes possible the use of this 
device for detection and quantification purpoaes, but only for specific analytes. 

PW09J still other optical chemical sensors are based on mterferometry 

For example, the sensor described in U.S. patent 6.130.748 (Kroger, 2000) uses 
an mterferometric filter made from porous silicon. Detection or determination of a 
substance concentration in a fluid <s based on the change in the optical property of 
porous silicon as a function of the refractive index of the substance present in the 
porea of the porous silicon, or of the fluid containing the substance. Another U S 
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patent 6,248,539 81 (Ghadiri. 2001) uses wavelength shifts in the reflectometric 
mterference spectra of a porous eemiconductor substrate such as silicon for a 
Mahly sensitive detection, identification and quantification of small analyte 
molecules. Nonetheless, me later method requires havina a specific recognition 
partner, immobilized on the porous silicon substrate, to detect a specific analyte. 

£P01<H Birefringent porous silicone has been described as a highly 

sensitive element for vapors and gases [Gross. E. et al. J. Appi Pn ys . 90 nT 
(2001) pp 3529-3532 "Highly sensitive recognition element based on birefringent 
porous silicon layers"]. The spectral shift resulting from condensation of vapor* or 
gases Inside the pores is directly related to the dielectric constant of the adsorbate 
and the filling factor of the pores: the higher the larger spectral shift. Although 
porous silicone has a great potential for sensor applications, this material is very 
fragile due to its high porosity <usqal!y over 50*0%) and to the fact very thin layers 
ere used (typically 10-100 pm) which make it difficult to use for robust sensor 
applications. Another drawback is that spectral shifts occur in the far red and near 
infrared region HKXMOOQnm) which means that the human eye could not be used 
as the light detector. Aging of porous silicon related to surface oxidation is a well 
known phenomenon [Canham. L.T. in Propels of Porous suicon Canham L. Ed 
EMIS Datareviews series n'10, INSPEC publ.. pp 154-1S7J. which may also be a 
severe drawback for development of this type of sensors for long term service, 

100111 Surface color changes in thin (i.e. of a thickness {ess 

than300 nm) porous silicon films caused by vapor exposure close to saturation has 
been reported IBjorklund. R. B. et al. Appi Pttys. Lett 69 (20) (1996) pp300i- 
3003 "Color changes in thin porous silicon films caused by vapor exposure* & 
Zangoole. S. et al. Sensors and Actuators B 43 (1997) pp 168.174.]. Those color 
changes characterized by eilipsometry were related to the refractive index of the 
solvents condensing into the pores and replacing air. Since lower partial pressures 
of solvent caused no color changes in the film, only the variation in the 
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ellipsometric angles at certain energies could be sufficient for sensing applications. 

[0012} The US patent 5,338,415 {Sailor and a!, 1934) disclosed a 

simple chemical sensor based on intensity change of visible photoluminescence of 
porous silicon when exposed to solvents. 

[001 ij The U.S. patent 4.732,480 (Fortunate. 1988) describes an 

interferometric device for the detection and/or analysis of gas using a photostatic 
modulator. 

[0014] Chemical sensors may be of interest in end-of-service life 

indicators for air purifying devices. Air purifying devices, among them air purifying 
respirator cartridges and canisters are widely used In the civil as wed in the military 
industry to protect the workers against harmful effect of toxic materials. Such 
devices usually consist of a filter chamber filled with an adsorbent material that 
traps vapors or gases on its surface or into its porous structure. Once the 
adsorbent material ts completely filled, the air-purifying device no longer protects 
the user against the contaminant This could have dramatic effects especially 
when the contaminant has poor warning properties, /,e. if its odor, teste or irritation 
limit is greater than the permissible exposure limit or if there is insufficient 
toxicologies! data to determine an exposure limit. 

[00151 In establishing new certification standards in 1984. the U.S. 

National Institute for Occupational Safety and Health (NIOSH) encouraged the 
development of active end«of-fife indicators. Such indicators should detect the 
presence contaminant and provide an unambiguous signal warning the user that 
the filter of the air-purifying device is almost exhausted. In addition to promoting 
premature disposal of adsorbent filters (still having potential absorbency to toxic 
gases or vapors), they provide an easy and cheap way to monitor the uses. There 
are many chemical sensors that are patented tor end of service indicators. 
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£D016J Numerous patents for end of service indicators involve a visual 

color change that warns me user to replace the filter. Such color changes are 
induced by chemical reactions of a usually single use color indicator. For instance, 
the U.S. patents 4.154.586 (Jones. 1979) and 4.530.706 (Jones, 1985) use 
oxidation of the color indicator enhanced by an upstream catalyHctaadteing a 9 ent 
that activates the gas or vapor so that it can be more easily detected by the 
indicator. 

[0017] The positron of the color indicator within the absorbent material 

is crucial in order to give a warning before ail the absorbent bed is filled with the 
contaminants. In the U.S. patent 4,684.380 (Leichnifc 1987). the color granular 
indicator is placed between two discs that are permeable to the respiration gas and 
it is located in a container open to the gas flow and extending to a given immersion 
depth into the filter material. Other designs are possible like the one described in 
U.S. patent 4.326.514 (Elan. 1982). where the colorimetric indicator is In a sheet 
form and is positioned along an inner transparent sidewail of a respirator cartridge 
or canister. Another lateral positioning is described in the PCT patent 
application WO 02/22237 A1 (Curado, 2002). 

100181 However, a drawback of chemical color Indicators is that they 

are usually very specific to the chemical or class of chemicals (such as acids) they 
should react with. For instance, the u.6. patent 4.155,358 (McAllister, 1979) 
describes a disposable valveless chemical cartridge respirator for filtration of a 
vinyl chloride monomer having an end of service life indicator. Reactivity depends 
on the chemical nature of the substances to be detected. If different types of 
chemicals have to be detected, different types of color Indicators could be 
combined as mentioned in the PCT patent application WO 02/22237 A1 (Curado 
2002). 



[0019] 



The U.S. patent 4,146,887 (Magnante. 1979) concerns an 
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exothermic sensor integrated into an electrical circuit that monitors the heat 
involved during adsorption of a vapor or a gas into a sensor absorbent 

[0020J The U.3 patent 6,375,725 (Bernard, 2002) usee a glass optical 

waveguide with 01 least one porous portion, which, in presence of a gas/vapor 
sorbent, has lower guiding and transmission properties that can trigger an alarm 
thanks to an electronic detection circuit. The porous optical fiber requires a defined 
porous cladding which, when they are filled with solvents, affects the guiding 
properties of the optical fiber by increasing its guiding losses of the fiber. The 
performance of the described porous optical fiber could be increased with a longer 
porous section, a thinner porous cladding or a tighter curvature, but since the fiber 
remains relatively fragile and brittle, difficulties arise when this fiber is included 
inside the absorbent bad. 

10021) Therefore, there is stfli a need in the art for a chemical sensor 

and method, which mitige the problems of the prior art. 

OBJECTS OF THE INVEMTIOM 

[002?] An object of the present invention is therefore to provide an 

improved chemical sensor and a method of using changes occurring in the optical 
anlsotropy of the sensor. 

P023J Other objects, advantages and features of the present invention 

will become more apparent upon reading of the following non-restrictive 
description of embodiments thereof, given by way of example only with reference 
to the accompanying drawings. 
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BRIEF DESCRIPTION OP T HE DRAWli^ 
[0024] In the appended drawings: 

C0025I Figure 1a is a schematic representation of a sensor set-up 

according to an embodiment of the present invention using transmitted light; 

[0026] Figure id is a schematic representation of the sensor set-up of 

Figure 1 used according to an embodiment of the first aspect of the present 
invention. 

10027] Figure 1c is a schematic representation of the sensor set-up of 

Figure 1 used according to an embodiment of the second or the third aspect of the 
present invention; 

[002?] figure 2a is a schematic representation of a sensor set-up using 

single light reflection and parallel polarizers used according to another 
embodiment of the first aspect of the present invention; 

[0026] Figure 2b is a schematic representation of sensor set-up an 

using multiple light reflections and parallel polarizers used according to a further 
embodiment of the first aspect of me present invention; 

[0030] figure 2c is a schematic representation of sensor set-up an 

using multiple light reflections and crossed polarizers used according to still a 
further embodiment of the first aspect of the present Invention; 

[0031] Figure 3a is a schematic representation of a birefringence set- 

up using transmission In crossed polarizers and reflection in parallel polarizers; 
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[0D32] Figure 3b is the schematic representation uf Figure 3a wherein 

the optical path into the anisotropic material for the parallel ray Is twice the one for 
the perpendicular ray; 

[0033J Figure 4a is the theoretical transmfttance calculated in a 

wavelength range comprised between A = 300 nm and k = 1000 nm for an optical 
birefringent material of a variable thickness d placed at 45° between ideal crossed 
polarizers; 

(0034] Figure 4b is the theoretical tranemittance calculated in a 

wavelength range comprised between A » 300 nm and x~\ 000 nm for an optica! 
birefringent material with a variable birefringence 4n and a constant thickness d, 
placed at 45° between ideal crossed polarizers; 

[0035J Figure 4c is the theoretical transmfttance calculated In a 

wavelength range comprised between X = 300 nm and X = 1000 nm for an optical 
birefringent material of a constant thickness placed at 45* between ideal crossed 
and parallel polarizers; 

[0036] Figure 5a is a schematic representation of an optical 

birefringence set-up using transmitted light guided by optical libera; 

[00371 Figure 5b is a schematic representation of an optical 

birefringence set-up using reflected light guided by optical fibers; 

[0038] Figure 5c is a schematic representation of an optical 

birefringence set-up using reflected and transmitted light guided by optical fibers; 



[QQ39] Figure 5d is a schematic representation . of an optical 
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birefringence sensor setup using reflected light In a single optica) fiber 

[0040] Figure 8 is a schematic cross-section of an air purifying 

cartridge with an optical birefringence sensor using transmitted light guided by 
optical fibers showing the positioning of the sensor Inside the cartridge; 

[0041] Figure 7 Is a schematic representation of an optical 

birefringence sensor comprising an anisotropic material placed at 45* between two 
preferably crossed polarizers into a perforated tube inserted inside a filtration 
cartridge; 

[0042] Figure 8 to a schematic cross-section of multiple optical 

birefringence sensors using reflected light inserted into an air purifying on a 
transparent wall, according to the first aspect of the present invention; 

t 

£00431 Figure 9 is a graph of the transmitted power as a function of the 

wavelength for an optical birefringence parous glass flat sample placed at 45" 
between two crossed polarizes under dry nitrogen condition; 

10044] Figure 10 is a graph of the transmitted power as a function of 

the wavelengths for a birefringence porous glass 600 Mm thick flat sample placed 
at 45° between two crossed polarizers under dry nitrogen condition with no solvent 
or with acetonitrlle or toluene: 



10046] Figure 1 1 is a graph of the transmitted power at 450 nm and 600 

ran as a foncfion of time for a birefringent porous glass 600 um thick flat sample 
placed at 45° between two crossed polarizers under dry nitrogen condition with no 
solvent or with toluene; 
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[00481 Figure 12 Is a graph of the transmitted powar at 450 nm find 600 

nm as a function of time tor a birafringsnt porous glass 600 nm thick flat sample 
placed at 45* between two crossed polarizers under dry nitrogen condition with no 
solvent or with acetonitrile; 

C0047J Figure 13a is a graph of the variation of intensity measured at 

550 nm and 800 nm of an optical biiefringent porous glass sensor in a 
transmission mode {similar to Figure 5a) inserted fn the middle of an activated 
carbon bed of an organic vapor cartridge challenge at 32 Um\n with 1000 ppm of 
toluene; 

£00483 Figure 13b is a graph of the intensity ratios of signals measured 

at 550 nm and 800 nm in the experiment of Figure 12a; and 

C0049J Figure 13c is a graph of spectra measured during the 

experiment of Figure 1 3a for various times, 

DESCRIPTION Q * EMBODIMENTS OF THE INVENTION 

(0050] Generally stated, the present invention provides a chemical 

sensor and method for detecting the presence of liquid, gas or vapor of chemical 
substances through changes in the optical anieotropy of the sensor upon exposure 
to these liquid, gas or vapor substances. 

(0051] More precisely, the present invention Is based on changes of 

optical anisotropy that occurs in certain class of materials, especially but not 
limited to. porous optical materials such as porous glass and polymeric materials, 
upon exposure to liquid, gas or vapors of chemical substances. 
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[0052] Figure 1a is a schematic representation of a sensor set-up using 

transmitted tight, where S Is the light source, which may be natural daylight for 
example, F1 and F2 are optional filters, P1 and P2 are optional polarizers, A is an 
anisotropic material and 0 is a tight detector, which may be the human eye for 
example. 

[0053] in a first aspect of the present Invention, the change in optical 

anisotropy is observed as optical birefringence, using a set-up illustrated in Figure 
1b for example. 

[0054] in a second aspect of the present invention, the change in 

optical anisotropy is observed as dichroism or selective absorption, using a set-up 
illustrated in Figuna 1c for example. 

[0055] In a third aspect of the present invention, the cnange in optical 

anisotropy is observed as an anisotropic diffusion of light or an anisotropic 
scattering of light, for which the set-up illustrated in Figure 1c for example may also 
be used. 

[Q056] The first aspect of the present invention will now be explained 

with more details, in relation to the figures of the appended drawings. 

[0057] Figure lb is a schematic representation of a sensor optical 

birefringence configuration set-up used in the present invention using transmitted 
light. 

[0058] Figure 2a is a schematic representation of a sensor 

birefringence set-up using single light reflection and parallel polarizers. Figure 2b 
illustrates an optical birefringence set-up using multiple light reflections and parallel 
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polarizers. Figure 2c illustrates an optical birefringence set-up using multiple fight 
reflections and crossed polarizers M1 and M2 are mirrors, P is a polarizer smo- 
other letters are defined in Figure 1. 

[0059] Figure 3a is a schematic representation of a birefringence set- 

up using transmission in crossed polarizers and refection in parallel polarizers, 
where F1. F2 and F3 are optional filters, R is a partially reflecting minor, D1 and 
D2 are light detectors and other letters are defined in Figure i. in this 
configuration, the optical path into the anisotropic material Is the same for the two 
detected light beams. A same set-up is used m Figure 3b but in a configuration 
wherein the optical path Into the anisotropic material for the parallel ray is twice the 
one for the perpendicular ray. 

P»60J The theoretical transmttance is calculated calculated in a 

wavelength range comprised between A = 300 nm and A = 1000 nm for an optical 
birefringent material (An* 0.0015) of variable thickness d* iQOum (circles), 
d = 200pm (triangles), d = 400pm (squares) ano a s eoopm (diamonds), and for an 
optical birefringent material with variable birefringence «w = 0.0006 (circles), 
m 3 O 00 l° (triangles), w = 0.0015 (squares) and an - 0.0020 (diamonds) and a 
constant thicKness d=400 urn (Figure 4b). In both cases, the optical birefringent 
material Is placed at 45° between ideal crossed polarizers. Figure «c shows the 
theoretical transmitted* calculated in the same wavelength range for an optical 
birefringent material (An - 0.0015) and a constant thickness d ■ 400 urn placed at 
45° between ideal crossed (circles) and parallel (triangles) polarizers. 

P061J Figure 3a Is a schematic representation of an optical 

birefringence set-up using transmitted light guided by optical fibers. Figure 5b is a 
schematic representation of an optical birefringence set-up using reflected light 
guided by optical fihers. Figure 5c is a schematic representation of an optical 
birefringence set-up using reflected and transmitted light guided by optical fibers. 
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Figure 5d is a schematic representation of an optical birefringence sensor setup 
using reflected light in a single optical fiber. 

[0062] Figure 7 Is a schematic representation of an optical 

birefringence sensor comprising an anisotropic materia! placed {at 45" between 
two preferably crossed polarizers) into a perforated tube which is inserted inside a 
filtration cartridge. 

(0063] Figure 8 is a schematic cross-section of multiple optical 

birefringence sensors using reflected light inserted into an air purifying on a 
transparent wail- The multiple sensors enable the visualization of the absorbed 
pollutant progression into (he absorbent bed. 

(0084] Figure 9 is a graph showing the transmitted power (referenced 

to the maximum of transmission) as a function of the wavelengths for an optical 
birefrinaent porous glass flat sample placed at 45* between two crossed polarizers 
under dry nitrogen condition (1 L/min) for a thickness of 300 Mm and for a 
thickness of 600 pm. 

(0066] Figure 10 is a graph showing the transmitted power, referenced 

to the maximum of transmission, as a function of the wavelengths for a birefringem 
porous glass 600pm thicK flat sample placed at 45° between two crossed 
polarizers under dry nitrogen condition (1 L/min) with no solvent or with acetonitrfle 
(1000 ppm) or toluene (1QQ0 ppm). 

[0066] Figure 11 shows the transmitted power, referenced to the 

maximum of transmission, at 450 nm and BOO wn, as a function of time, for a 
birefringem porous glass 600 pm thick flat sample placed at 45° between two 
crossed polarizers, under dry nitrogen condition (1 Umin), with no solvent or with 
toluene (1000 ppm). The solvent is removed from the fiber U6ing a moderate 
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vacuum {30 mmHg). Addition and removal of solvent are Indicated Into the graph, 

C0067J Figure 12 shows the transmitted power, referenced to the 

maximum of transmission, at 450 nm and 600 nm. as a function of time, for a 
birefringent porous glass 600 pm thick flat sample pieced at 45° between two 
crossed polarizers, under dry nitrogen condition (i Wnin). with no solvent or with 
acetonftrfle (10G0 ppm). The solvent Is removed from the fiber using a moderate 
vacuum (30 mmHg). Addition and removal of solvent are indicated into the graph. 
The e)gjeriment is repeated twice to show the reproducibility. 

[0068] Figure 13a illustrates the variation intensity, measured at 

550 nm and 800 nm with a spectrometer, of an optical birefringent porous glass 
sensor in transmission mode (similar to Figure 5a) inserted in the middle of an 
activated carbon bed of an organic vapor cartridge challenged at 32 Umin with 
10Q0 ppm of toluene. The intensity at 550 nm corresponds approximately to a 
maximum transmission of the birefringent porous glass, whereas the intensity at 
800 nm corresponds to a minimum transmission. The vertical dash line shows the 
breakthrough time representing 5 ppm of toluene measured by a gas 
chromatography spectrometer. The sensor shows a signal variation at 
approximately half of the breakthrough time. At 550 nm, the intensity is decreased 
by a factor of about 7.8, while at 800 nm the intensity is increased by a factor of 
about 56. 

[0068! Figure 13b illustrates the intensity ratios of the signals measured 

at 550 nm and at 800 nm in the experiment described in the Figure 12a. The ratio 
variation is about a factor of 450 between beginning and end of cartridge challenge 
experiment; and 

C0070] Figure 13c illustrates spectra measured with a spectrometer 

during the experiment described in Figure 13a for various limes (0 min start, 60 
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ana 70 min sensor signal variation and 120 min 5 ppm breakthrough of cartridge). 

W071J m summaty, according to the first aspect of the present 

invention, a porous glass exhibiting optical birefringence may be used to detect 
liquid, gas or vapors of chemical substances. The porous glass is made from a 
phase separation process followed by chemical etching from which the optical 
birefringence can be controlled. Absorption of the liquid into the pores or g as or 
vapor pollutants through capillary condensation into the pores modifies the optical 
birefringence of the porous glass. Such changes can be detected by observing a 
color shift of the light transmitted through the porous glass placed between two 
crossed polarizers, or by comparing the transmitted light intensity at different 
wavelengths. 

I007q Alternatively, according to tne first aspect of the present 

invention, an optically birefringent multilayer porous thin film may be used to detect 
liquid, gas or vapors of chemical substances. The optical birefringence of a 
multilayer thin film changes in the same manner than that of a porous glass and 
can be detected in the same manner as explained above. 

0,0733 Moreover, still according to the first aspect of the present 

invention, an optically birefringent polymer, an optically birefringent polymer 
composite, or an optically birefringent multilayer polymer film may be used to 
detect Kquid. gas or vapors of chemical substances. The optical birefringence of 
the polymer changes In presence of the chemical substances due to the swelling 
of the polymer. These charges can be measured in the same manner than with 
porous glass as explained hereinabove. 

fOOWJ Turning now to the second aspect of the present invention, the 

use of dfehroism or selective absorption to observe a change in optical anisotropy 
may be performed with a set-up as illustrated in Figure 1c for example. 
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I007SJ Figure 1c is a schematic representation of a dichraiem or an 

anistropic diffusion configuration set-up according to the present invention. The 
polarizer and analyzer are optional depending on the nature of the anisotropy. 
Obviously, other configurations are possible. 

[007«] According to this aspect of the invention, an optically dichroic 

polymer, an optically dichroic polymer composite, or an optically dichroic multilayer 
polymer film may used to detect liquid, gas or vapor of chemical substances. The 
dichroism (i.e. selective absorption of a polarization state of light) of the polymer 
changes in presence of the chemical substances due to the swelling of (he 
polymer. This changes can be observed by measuring the intensity changes of a 
given polarization state of light or by measuring the intensity changes of the ratio of 
two mutually orthogonal states of polarization. 

PW77J in the third aspect of the present invention, the change in optical 

amsotropy Is observed as an anisotropic diffusion of light or as an anisotropic 
scattering of light, ana a ser-up such as the one illustrated in F^ure ic for example 
may be used therefor. 

r007q According to this aspect of the present invention, an optically 

anisotropic scattering or an anisotropic diffusing optical material, such as, but not 
limited to, a porous glass or a composite polymer, is used to detect liquid, gas or 
vapors of chemical substances. The optical anisotropy of the scattering of light or 
of the diffusion of light is affected in the same manner than explained above in 
case of porous material (glass, thin film, etc) or in case of polymer, in case of 
polarization-dependent scattering or diffusion, this changes can be observed by 
measuring the intensity changes of a given polarization state of tight or by 
measuring the intensity changes of the ratio of two orthogonal states of 
polarization. Otherwise these changes can be observed by measuring the 
geometric distribution of the diffused or scattered light in two mutually orthogonal 
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directions, 

[0Q79] People in the an will appreciate that the present invention 

provides chemical sensors, which are highly sensitive, simple and inexpensive to 
produce, as well as robust, and which can toe used to detect a range of chemical 
species. A hydrophobic agent or treatment may be applied on the anisotropic 
material (porous fltess, polymer, etc) forming the sensor so to reduce the 
sensitivity thereof to water vapors while maintaining its sensitivity to other 
chemicals. 

[0Q8DJ Interestingly, the present invention is suited for making an end 

of service life indicator for example, which can be incorporated in air purifying 
device so as to provide a warning when the We of a filter is near to exhaustion. For 
example, Figure 6 illustrates an air purifying cartridge with an optical birefringence 
sensor using transmitted light guided by optical fibers showing the positioning of 
the sensor inside the cartridge, 

10081} Although the present invention has been described hereinabove 

by way of embodiments thereof, it can be modified, without departing from the 
spirit and nature of the subject invention as defined herein. 
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ABSTRACT OP T ^E DtSCL QSUnp 

The present invention provides 9 chemical sensor and 9 method for detecting the 
presence of liquid, gas or vapor of chemical substances through changes in the 
optical anisotropy of the sensor upon exposure to these liquid, gas or vapor 
substances. In a first aspect of the present invention, the change in optical 
anisotropy is observed as optical birefringence. In a second aspect of the present 
invention, the change in optical anisotropy is observed as dichroism or selective 
absorption. In a third aspect of the present invention, the change in optical 
anisotropy is observed as an anisotropic diffusion of light or an anisotropic 
scattering of light. 
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